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Description
Field
[0001] The present invention relates generally to mi-

croporous membranes, to methods for making micropo-
rous membranes and to filtration or separation apparatus
employing microporous membranes. More specifically,
the presentinvention relates to microporous membranes
of the type employing precisely dimensioned, micron-
scale pores, and to methods for making such membranes
and apparatus employing such membranes.

Background

[0002] Filters that discriminate based on size and/or
shape are well known. One type of filter, for example,
provides a tortuous path through which particles must
navigate to pass through the filter. These are sometimes
referred to as depth filters, and typically use a filter ele-
ment made of a thick bed of fiber or other material. Due
to their thickness and tortuous path filtration technique,
these filters sometimes require relatively high transmem-
brane, i.e. transfilter, pressures to facilitate flow through
the filter, due to its thickness and the tortuous path filtra-
tion technique.

[0003] In contrast to depth filters, another well-known
type of filter employs relatively thin filter membranes,
which typically have nominal pore sizes. Such mem-
branes have been used in a wide variety of medical and
industrial applications. For example, such filter mem-
branes, with nominal pore size as low as 0.22 microns,
have been used to filter bacteria and other matter from
liquids, such as intravenous solutions. Such microporous
filters also have been used to separate the cellular com-
ponents of human blood (red cells, white cells and plate-
lets) from liquid plasma in which the components are sus-
pended. One well known device for carrying out such
separation of blood components is the Autopheresis-C®
separator, which is sold by Baxter Healthcare Corpora-
tion of Deerfield, Illinois.

[0004] Although nominal pore size filter membranes
have functioned generally satisfactorily, they tend to have
limited porosity, discriminate principally on the basis of
size alone, and sometimes suffer from reduced flow rates
due to blockage on the surface of the membrane. "Po-
rosity," as used here, refers to the portion or percentage
of the membrane surface made up of pores. This may
also be referred to as the membrane "transparency." A
high porosity or transparency filter membrane, i.e., one
in which alarge portion of its surface is made up of pores,
tends to allow higher flow rates through the filter mem-
brane at a given transmembrane pressure than a low
porosity or transparency membrane, i.e., one in which a
small portion of its surface is made up of pores.

[0005] More recently, efforts have been directed to de-
veloping filter membranes having precise pore sizes and
shapes for increased discrimination, particularly at the
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micron and sub-micron scale for the separation of, for
example, cells and cell components. Such filters may
have particular, but not exclusive, application in the sep-
aration of blood cells or other types of cells from one
another or from the liquid (plasma in the case of blood
cells) in which they are suspended.

[0006] Filters with micron or smaller scale pores, how-
ever, often have significant limitations. One such filter
membrane is referred to as a "trac-etched" membrane.
A trac-etched membrane has holes or pores of uniform
micron-scale diameter for discrimination based on parti-
cle size. However, trac-etched membranes typically have
low porosity, which limits the amount of throughput or
filtration rates.

[0007] With trac-etched filters, for example, porosity
tends to be between approximately two and six or seven
percent. Attempts to increase porosity in trac-etched filter
membranes often results in doublets or triplets, which
are holes that overlap and therefore reduce the discrim-
ination of the filter membrane. To avoid doublets or tri-
plets, porosity in trac-etched membranes is typically lim-
ited to about seven percent and less.

[0008] In addition to low porosity, trac-etched mem-
branes have another drawback. Trac-etched mem-
branes have only circular pores and are therefore not
suitable for discriminating based on non-circular particle
shape.

[0009] Morerecently, it has been suggested to use lith-
ographic microfabrication or similar micromachining
techniques to provide filter membranes in which the
pores have precise size and shape. U.S. Patent No.
5,651,900 for example, discloses a particle filter made
of inorganic material, such as silicon, that is suitable for
use in high temperatures and with harsh solvents. The
filter has precisely controlled pore sizes formed by inter-
connecting members, and has optional reinforcing ribs.
[0010] Precise pore size filter membranes have also
been proposed, for example, for separating one class of
blood cells from another. WO-A-9813131 describes such
filter membranes having precise micron-scale and pre-
cision-shaped pores that can be used, for example, to
separate red cells from white cells in human blood.
[0011] Experience has demonstrated, however, that
the manufacture of microstructures, such as single-layer
filter membranes by microlithography, micromachining
or similar processes suffers from several constraints. As
a "rule of thumb," for example, the diameter or largest
transverse dimension of the pores can be no smaller than
about 2 or /s the thickness of the membrane itself. There-
fore, very small pore sizes, such as one micron or less,
require very thin membranes of 2 to 3 microns or smaller
in thickness. The inverse of this is commonly known as
the "aspectratio" and generally means that the thickness
can be no more than about 2 or 3 times the pore size.
Such very thin membranes, however, are typically very
fragile and may not be sufficiently robust for some of the
well known uses of microporous filter membranes.
[0012] One such well known use is in the Autopher-
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esis-C® plasmapheresis device sold by Baxter Health-
care Corporation of Deerfield lllinois. A detailed descrip-
tion of Autopheresis-C® device may be found in U.S.
Patent No. 5,194,145 to Schoendorfer. The Autopher-
esis-C® separator employs a microporous membrane
mounted on a spinning rotor within a stationary housing.
As described in the above patent, such a device is par-
ticularly efficient at separating blood cells from the plas-
ma in which they are suspended. However, the micropo-
rous membrane used in such a device must be flexible
and able to withstand the high rotational speeds, shear
forces, and transmembrane pressures encountered in
such a separation system.

[0013] As aresult, microfabrication of microporous fil-
ter membranes has, in the past, been limited by compet-
ing considerations. On the one hand, finer filtration
(smaller pore size) typically requires a filter membrane
that is increasingly thin, and thus increasingly fragile. On
the other hand, the desire for membrane robustness has
generally been met by thicker membranes that do not
typically permit the formation of high porosity very small,
precisely controlled pores.

[0014] As one answer to the issue of membrane fra-
gility, it has been proposed to provide a filter membrane
in which the membrane layer is located on a support lay-
er. U.S. patent No. 5,753,014 to Van Rijn describes a
composite membrane having a polymeric membrane lay-
er atop a separate polymeric macroporous support. The
perforations or pores in the membrane layer and in the
support are made by a micromachining process, such as
a lithographic process in combination with etching. An
intermediate layer may be deposited between the mem-
brane and support for bonding enhancement and stress
reduction. Although such a membrane may be suitable
for some applications, it remains a relatively expensive
membrane to fabricate, using small volume processes.
[0015] Very thin microporous membranes of micron-
scale pores are also found in non-filtration applications.
Forexample, published International Application No. WO
96/10966, published April 18, 1996, discloses a micro-
fabricated structure for implantation in host tissue. The
structure was made up of a series of polyimide polymer
membrane layers, each having a different geometric pat-
tern of holes formed by a microfabrication technique. As
a result of stacking these membranes together, a porous
three-dimensional structure is created that promotes the
growth of vascular structures in a host.

[0016] In any event, there remains a need for new or
improved microporous filter membranes, for new or im-
proved methods and processes for making such filter
membranes, and for apparatus employing such mem-
branes.

Summary of Invention

Filter Membrane

[0017] According to the present invention there is pro-
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vided a method for making a monolithic polymeric filter
membrane according to claim 1. The monolithic polymer-
ic filter membrane thatis prepared comprises afilter layer
including micron-scale precision-shaped pores suitable
for wide variety of filtration applications, and a support
layer that includes a precision-shaped porous support
structure for the filter layer. As discussed in more detail
later, the filter membrane may be fashioned from multiple
polymeric films that are joined, for example, by heat cur-
ing to form a single monolithic membrane with no dis-
cernible line of distinction between the filter and support
layers. The present invention enables the filter layer to
be very thin, which permits the formation of very small
micron-scale precision-shaped pores, of relatively high
porosity without resulting in undue membrane fragility.
[0018] Ina preferred embodiment, the support layer is
thicker than the filter layer, and may be thicker than the
filter layer by a factor of between about 2 and 250. Also,
the support layer is preferably, but not necessarily, co-
extensive with the filter layer.

[0019] Awide variety of support structures may be em-
ployed in the present invention to support and reinforce
the filter layer of the membrane. In accordance with this
invention, the support structure is precision-shaped and,
therefore, may be configured to suit the particular needs
fora given application. In one disclosed embodiment, the
support structure is made up of a plurality of spaced apart
support struts to support the filter layer. The support struts
are preferably spaced apart a distance substantially
greater than the size of the pores, to allow the filtrate
passing through the filter layer to pass through the sup-
port structure relatively unimpeded. For example, the
struts may be spaced apart a distance in the range of
about 50 to 1000 microns, although other spacings may
be used without departing from the broader aspects of
the present invention. A second plurality of spaced apart
support struts may also be used, intersecting the first
plurality of support struts to define a support grid sup-
porting the filter layer. Although the strut grid is currently
preferred, other support structures, such as post and
beam, suspension webs, and others also can be used to
support the filter layer.

[0020] Inaddition, the support structure also may com-
prise two or more layers or subgrids, for enhanced sup-
portand/or flexibility. The supportlayer, for example, may
include one sublayer of selected porosity and another
sublayer of different porosity between the filter layer and
first-mentioned sublayer. The support layer may also in-
clude two or more subgrids of differing configuration. For
example, in a support grid of the type employing spaced-
apart struts, one subgrid could have struts of predeter-
mined width and spacing and another subgrid could have
struts of different width and/or spacing. As a further ex-
ample, for supporting very thin filter layers, such as three
microns or less, the subgrid directly supporting the filter
layer could have more closely spaced struts that are not
as wide as the struts in the other subgrid.

[0021] Thus, it should be clear that the number and
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configuration of sublayers or subgrids may be varied, de-
pending on the particular needs of the filter membrane
in a given application. For reduced stress and ease of
manufacture, for example, a support layer comprising a
grid of intersecting walls may employ curves instead of
sharp angles at the intersections. Carried a further step,
this support structure could, in fact, be defined by a plu-
rality of spaced apart, generally elliptical or cylindrical
pores that extend through the grid thickness and create
support walls or webs with a narrow waist area and wide
intersecting area.

[0022] The filter membrane also may be made flexible.
More patrticularly, the filter membrane may be made suf-
ficiently flexible to be disposed along a radius of curvature
of about 1.27 cm (one-half inch), if desired. As will be
described in greater detail later, this makes the filter
membrane particularly suitable for application in rotating
membrane separators, such as the earlier-mentioned
Autopheresis-C® device, as well as other separators that
require a non-planar, flexible filter membrane.

[0023] Although suitable for applications such as the
Autopheresis-C® separator and other medical applica-
tions, the filter membrane prepared by the method of the
present invention is also suitable for a wide variety of
other applications where microporous membranes are
used to filter liquids or suspensions, such as water or
wine filtration and other industrial applications. Typically,
although not necessarily, the micron-scale pores of the
filter layer will be less than or equal to about twenty mi-
crons in their largest transverse dimension, although the
particular size may be varied depending on the applica-
tion. "Micron-scale" in this description means less than
about 100 microns. "Precision-shaped" means a gener-
ally specific and predetermined shape, in contrast to the
nominal pore size membranes of the prior art. "Precision-
shaped" is intended to include and allow for varying de-
grees of precision, provided the general shape of the
pore or other structure is a predetermined non-random
shape.

[0024] The exact pore size will depend on the desired
application. For example, a filter membrane having pores
less than or equal to about 0.22 microns in largest trans-
verse (side-to-side) dimension would be suitable for fil-
tering bacteria, as well as other matter of similar size,
from liquid. A filter membrane in which the pore size is
less than or equal to about 0.60-0.65 microns would be
suitable for removing most cells and cell fragments from
blood, leaving essentially cell-free plasma or, in a very
different application, for filtering wine. A pore size of 0.45
microns or less can remove e-coli bacteria or be used
for diagnostic and microscopy applications. A pore size
of 0.08 microns may be used to filter water for electronic
fabrication processes.

[0025] The filter membrane may also be made from a
variety of materials and configurations that are suitable
for microlithography or micromachining techniques. As
noted above, the filter membrane that is prepared is mon-
olithic, i.e., there is no reasonably discernible line of dis-
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tinction between the layers or sublayers. Such a filter
membrane may, for example, comprise layers made of
materials that are different, but sufficiently compatible to
be rendered monolithic by, for example, curing them to-
gether.

[0026] The material of the filter layer and support layer
is preferably photosensitive (or photoimageable) and
etchable (by dry or wet processes), although materials
suitable for laser ablation or suitable for radiation based
processing may also be used. The filter and support lay-
ers may be, but are not necessarily, made from the same
type of materials, provided they can be made monolithic.
Materials suitable for dry etching, for example, may be
used to form the filter layer because of the particularly
good definition that results from dry etching. The support
layer, on the other hand, is typically coarser than the filter
layer, and the degree of definition less demanding - al-
lowing photoimageable or laser ablatable materials to be
used. Although photoimaging and laser ablation proce-
dures typically do not provide definition as good as dry
etching, such procedures are suitable for forming the pre-
cision-shaped pores of the filter layer for most anticipated
applications.

[0027] With laser ablation, each pulse of laser light re-
moves only a small portion of polymeric material. Accord-
ingly, laser ablation may be more suitable for forming the
filter layer than the typically much thicker support layer.
The support layer in such a membrane could be formed
with other lithographic or micromachining processes,
whether of single or multiple film construction.

[0028] On the other hand, synchrotrons deliver highly
directional x-ray radiation that can be used to unbond or
"unzip" the polymer backbone of acrylic material, such
as polymethyl methacrylate (PMMA). Using this concept,
exposed areas of a polymer membrane, as defined by
an x-ray mask having absorbing and transmitting sec-
tions defining the desired pattern, may be "unzipped" by
ionizing radiation and subsequently developed away by
solvent bath. This process may be used to form the filter
layer, support layer, or both.

[0029] Itis also contemplated that the pores of the in-
tegral membrane of the present invention may be non-
circular if desired, and non-circular may be preferred for
certain applications. For example, the pores may be elon-
gated, as disclosed in WO-A-9813131, to allow certain
particles, such as red cells, to pass through and to block
other particles, such as white cells. Depending on the
application, other shapes may be desired, and the
present invention lends itself particularly well to accom-
modating such varying needs.

[0030] As to materials for the filter and support layers,
one preferred material for making the filter membrane is
polyimide polymer. Polyimide polymers are available in
photosensitive and etchable forms. A photosensitive pol-
ymer may be positive or negative. In negative-acting pho-
tosensitive polymers, the regions of the film that are ex-
posed to light become fixed or permanent and the non-
exposed regions of the film can be removed by chemical
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(solvent) treatment. In a positive-acting film, the portions
of film exposed to light may be removed by chemical
process, and the non-exposed regions remain fixed or
permanent. The basic lithography and micromachining
techniques for processing polymer membranes, such as
polyimide photosensitive or etchable membranes, are
well known, as shown for example in Published Interna-
tional Application WO 96/10966.

Separator

[0031] The filter membrane prepared by the method
of the present invention may be employed in a separator
for separating particles such as, but not limited to, cells
from a liquid or suspension. For example, a separator
may be provided comprising a housing including a fluid
inlet and a first fluid outlet, with a flow path defined in the
housing between the inlet and first outlet. A monolithic
polymeric filter membrane prepared by the method of the
present invention may be located within the housing in
the flow path to filter fluid (filtrate) passing therethrough.
As described above, such membrane includes afilter lay-
er with micron-scale precision-shaped pores through
which filtrate may pass, and a support layer including a
porous support structure for the filter layer.

[0032] In such a separator, the filter membrane may
be disposed in such a position and shaped as is reason-
ably needed for the particular application. For example,
the filter membrane may be disposed across the flow
path so as to filter particles, including but not limited to
cells or cell fragments, from the liquid being filtered. Al-
ternatively, the filter membrane may be positioned along
the length of the flow path so that fluid from which filtrate
is removed flows across the surface of the membrane.
In this alternative, a second outlet would typically be pro-
vided to remove that portion of fluid not passing through
the filter membrane.

[0033] Because of the flexible, robust character, the
membrane resulting from the method of the present in-
vention, in one of its preferred forms, may be positioned
in the separator in a curved disposition and, in fact, the
membrane may be curved along a radius of curvature of
about 1.27 cm (one-half inch). These characteristics of
the membrane make it particularly suitable for use in the
type of device that separates a liquid or suspension by
passing it between two relatively rotating structures.
Such a device is exemplified by the Autopheresis-C®
separator sold by Baxter Healthcare Corporation.
[0034] The Autopheresis-C® separator employs a
generally cylindrical membrane-covered rotor within a
generally cylindrical housing. A suspension, such as
blood, is passed from one end of the housing to the other
end, through a gap between the rotor and housing sur-
faces. Plasma flows through the membrane and exits
through an outlet in the housing. As noted earlier, this
has beenfound to be a very efficient device for separating
the cellular components of human blood from the plasma
in which they are suspended. It is, however, a relatively
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high stress environment in which the filter membrane
must not only be flexible for mounting on the cylindrical
rotor or housing, but have sufficient robustness to with-
stand the assembly or mounting of the membrane as well
as the high-speed rotation of the rotor (several thousand
rpm), the shear forces generated by the flowing fluid, and
significant transmembrane pressure that may be em-
ployed to force filtrate to flow through the membrane (al-
though with the high porosity, thin filter layer of the
present invention, satisfactory filtrate flow rates may be
obtained with lower transmembrane pressures than are
presently used).

[0035] One ofthe very unique aspects of the Autopher-
esis-C® device is that the relative rotation between the
rotor and housing creates a series of strong vortex cells
inthe gap - known as Taylor Vortices. The Taylor Vortices
sweep the surface of the membrane, helping to keep the
membrane surface free of occluding particles (cells) and
taking advantage of the membrane porosity. The high
porosity membrane, with the micron-scale precision-
shaped pores, holds substantial promise for improving
the already excellent performance of the Autopheresis-
C® device.

[0036] Therefore, aseparator may be provided for sep-
arating one or more components of liquid or suspension,
which separator includes a housing defining a generally
cylindrical interior surface and a rotor rotatably mounted
within the housing and having a generally cylindrical out-
er surface spaced from the interior surface of the housing
(or both). A flexible monolithic polymeric membrane pre-
pared in accordance with present invention may be dis-
posed on the generally cylindrical surface of the rotor or
on the generally cylindrical interior surface of the housing
(or both). Such membrane includes a filter layer having
micron-scale precision-shaped pores and a support layer
including a precision-shaped porous support structure
for the filter layer. Whether mounted on the rotor or hous-
ing, the filter layer of the membrane would be positioned
to face the space between the rotor and housing. In other
words, if the filter membrane were mounted on the rotor,
the filter layer would be facing the interior housing sur-
face, and vice versa. The housing includes an inlet for
introducing liquid or suspension, such as blood, into the
housing and an outlet for removing a portion of the sus-
pension from the space between the rotor and housing.
To remove filtrate passing through the membrane, an
additional outlet in housing is provided to communicate
with the porous support layer side of membrane.

[0037] In this rotary separator application, the filter
membrane is curved to conform to the generally cylindri-
cal surface of the rotor or housing on which itis disposed.
This may require a radius of curvature as small as about
1.27 cm (one-half inch) or thereabouts. As with the pre-
viously summarized separator, the size of the micron-
scale pores of the filter membrane may be selected de-
pending on the particular application or need.

[0038] It is understood that the filter membrane em-
ployed in the separators summarized above may include
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the more particular features and aspects summarized
above with respect to the membrane without the need to
repeat all of them here. Additional support sublayers or
subgrids may be employed to enhance flexibility and/or
strength, or different pore sizes or geometries may be
used depending on the application.

Method

[0039] The present invention is directed to a method
(s) for making a filter membrane. As indicated earlier, the
filter membrane, comprising a monolithic filter layer in-
cluding micron-scale precision-shaped pores and a sup-
portlayer including a precision-shaped support structure,
may be formed from different films that are joined togeth-
er to form a monolithic filter membrane.

[0040] The filter membrane may be made monolithic
by forming the filter and support layers from separate
films of the same or sufficiently compatible materials to
allow the layers to become monolithic when bonded to-
gether. For example, the films may be non-fully cured
when the pores and support structures are formed, and
then cured together to form a monolithic membrane.
When the filter membrane is made from two or more sep-
arate films, the filter layer is formed by removing selected
material from one polymeric film to define a plurality of
micron-scale precision-shaped pores through the mem-
brane. The support layer is formed by removing selected
material from another polymeric film to define a precision-
shaped porous support structure. The filter and support
layers, and any additional or intermediate layers that may
be required, are placed in overlying and contacting rela-
tion, and the layers are joined together to form the mon-
olithic filter membrane.

[0041] A variety of techniques may be used for remov-
ing material from the polymeric film, and the present in-
vention in its broadest respects is not limited to any par-
ticular technique or combination of techniques. Tech-
niques generally considered suitable for forming micron-
scale precision-shaped pores and precision-shaped sup-
port structures include the microlithography and mi-
cromachining techniques of photoimaging, wet and dry
etching, radiation based processing, such as radiation
"unzipping,” and laser ablation. "Wet etching" generally
refers to etching by contact with liquid elements and "dry
etching" generally refers to etching by contact with gas
or plasma. Other micromachining techniques already ex-
isting or later developed may also be used.

[0042] Although not all of these techniques have the
same precision, they are all considered generally suffi-
ciently precise for the present invention and for creating
"precision shaped" pores and other structures. For ex-
ample, laser light transmitted through a mask may be
used to ablate the polymeric material of the film in se-
lected areas defined by the mask.

[0043] With an etchable polymeric film, such as a film
of polyimide material, a metallic film may be applied to
one surface of the polyimide film, and then a photoresist
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layer is added to the metallic film. A first pattern is created
on the photoresist layer by light focused through a mask
having the desired design to define micron-scale pores
or the support structures. Selected material of the pho-
toresist layer, depending on the pattern of exposure, is
then removed by known chemical processing tech-
nigues. The metallic film, in the areas revealed after the
removal of photoresist material, is next removed in ac-
cordance with well-known techniques. The removal of
the photoresist material and metallic film in the selected
areas reveals areas of the polymeric film corresponding
to the pattern first created on the photoresist layer. These
areas of polymeric film may be removed by various proc-
esses, but dry etching, such as reactive ion etching, is
one preferred technique because of better definition or
pattern transfer. The metal layer protects selected areas
of the film from the etching process. After the etching
process, the remainder of the photoresist material and
metallic film are then removed from the polyimide film,
exposing the filter layer or support layer with the desired
structure. This technique may be used to form one or
both layers of a membrane made from multiple films. It
may also be combined with other techniques, such as
laser ablation, radiation based processing, or embossing
such that one layer is formed by one technique and an-
other layer formed by another technique. Because of its
good definition, dry etching or radiation based processing
may be preferred techniques for removing materials to
form the filter layer.

[0044] Other techniques for forming the filter and sup-
port layers are also available with the present invention.
The filter layer and/or support layer may comprise a pho-
toimageable polymeric film and be formed by exposing
the film to light through a mask that defines the pattern
of the pores or support structure to be formed. Selected
material of the film, depending on whether the film has
positive or negative photoimageable properties, are then
removed, as by solvent, to create the desired layer.
[0045] Of course, laser ablation and etching may also
be used as desired to form the various layers, sublayers,
grids, subgrids and other features of the membrane as
desired, without departing from the broader aspects of
this invention. As discussed above, highly directional
synchrotron x-ray radiation may also be used to unbond
or unzip the polymer backbone of certain polymeric ma-
terials, for example, through a mask, to define the desired
pattern of pores (or support structure), with the exposed
positions being developed away in a solvent bath.
[0046] Another method for making an integral filter
membrane involves manufacture of the membrane atop
a substrate such as quartz or, preferably, a silicon wafer.
In this method, if the substrate is a silicon wafer, the filter
membrane is made by spinning a first photoimageable
polymide layer onto the silicon wafer. The first polyimide
layer is exposed to light through a mask defining a first
pattern of one of the micron-scale pores or support struc-
ture. A second polyimide layer is then spun onto the first
layer of polyimide so as to create an interface therebe-
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tween. The second polyimide layer is exposed to light
through a mask defining a second pattern of the other of
the micron-scale pores or the support structure. Selected
material is removed from the first and second polyimide
layers to define the micron-scale pores and support struc-
ture, and the first and second polyimide layers are cured
together so as to remove the interface therebetween and
create a monolithic filter layer-support structure. The
monplithic filter layer-support structure is then removed
from the silicon wafer substrate. The step of removing of
selected material from the first polyimide layer may be
carried out before the second layer is spun onto the first
layer or after the second layer is spun and exposed.
[0047] One more specific technique for making the fil-
ter membrane on a silicon wafer substrate, in a batch
type process, includes first spin coating polyimide mate-
rial onto a substrate, such as a silicon wafer, after which
a metal layer is applied, such as by sputtering, evapora-
tion or vapor deposition, and a photoresist layer applied
to the metal layer. The photoresist layer is developed by
light exposure through a mask to define a first pattern of
the micron-scale pores or the support structure. That pat-
tern is transferred to the metal layer and subsequently
transferred to the polyimide layer by selective removal
of areas of the photoresist and metal layers to create the
micron-scale pore pattern for thefilter layer or the support
structure pattern for the support layer. The photoresist
and metal layer are then removed, and a second poly-
imide layer spin coated onto the first layer. A second pat-
tern is created on the second polyimide layer to define
the other of the micron-scale pore pattern or the support
structure. Selected material, as defined by the first and
second pattern, is removed to create the other of the pore
pattern or support structure. To form the monolithic filter
membrane, the first and second polyimide layers, which
are not fully cured, are cured together to remove any
interface therebetween and create the monolithic filter
membrane, which is then removed from the silicon wafer
or other substrate.

Brief Description of Drawings

[0048]

Figure 1is a perspective view of a microporous mem-
brane filter that can be prepared by the method of
present invention.

Figure 2 is a perspective view of the membrane filter
of Figure 1 in which the filter and support layers are
separated to show details of the support layer.
Figure 3 is atop view of the membrane filter of Figure
1.

Figure 4 is a sectional view of the filter membrane
of Figure 3, taken along line 4-4 of Figure 3.

Figure 5 is a perspective view of an alternative sup-
port structure for the membrane, with curved inter-
sections of the support walls or struts.

Figure 6 is a perspective view of another alternate
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support structure defined by spaced apart cylindrical
openings.

Figure 7 is a perspective view of a membrane that
can be prepared by the method of the present inven-
tion in which the filter and support layers are sepa-
rated to show a support layer of multiple sublayers
or subgrids.

Figures 8(a) and (b) are top and cross-sectional
views of an alterative membrane in which the pores
are generally elongated.

Figure 9 is a cross-sectional view of a separator.
Figure 10 is a cross-sectional view of another sep-
arator.

Figure 11 is a perspective view of spinning mem-
brane type filter.

Figures 12a-12g illustrate steps of one method for
making a membrane of the present invention.
Figures 13a-13i illustrate steps of another method
for making a membrane of the present invention.

Detailed Description

[0049] Figure 1 depicts a microporous polymeric filter
membrane, generally at 20. The filter membrane 20 in-
cludes at least a filter layer 22 that includes a plurality of
micron-scale precision-shaped pores 24, and a support
layer 26 that includes a precision-shaped support struc-
ture (better seen in Figure 2) for the filter layer, the filter
and support layers being monaolithic, in which there is no
discernible line of distinction between the filter and sup-
port layers. As will be discussed in more detail later in
connection with the method of making a membrane, a
monolithic membrane may be the result of forming the
filter layer and support layer in different films that are
either the same material or are different but sufficiently
compatible material that they may be formed into a mon-
olithic membrane, such as by forming the layers in an
uncured or partially cured state and curing them together.
[0050] For purposes of illustration, the filter membrane
20 shown in Figure 1 is not to scale. Although, theoreti-
cally, the support layer could be the same thickness as
the filter layer, more typically the filter layer 22 will be
substantially thinner than the support layer 26. Prefera-
bly, the support layer is thicker than the filter layer by a
factor of between about two and two hundred fifty. More
specifically, the filter layer of the filter membrane may be
between about 0.3 and 3-5 microns thick, and the total
filter membrane, including both filter layer and the support
layer, may be between about 6 and 75 microns thick.
However, the thickness of both filter layer and the support
layer may be varied, depending on the desired pore size,
the shape of pore, the degree of flexibility of the mem-
brane that may be desired, as well as the amount of sup-
port desired for the filter layer.

[0051] Onereasonthefilter layer is typically much thin-
ner than the support layer is the general rule of thumb
found in the manufacture of filter membranes by typical
microfabrication techniques. As earlier mentioned, that
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rule of thumb is that the filter layer thickness, through
which the pores extend, can be no greater than about 2
or 3 times the cross-sectional dimension of the pores. As
noted earlier, this is called the "aspect ratio." For exam-
ple, to form pores of 1 micron in cross-sectional dimen-
sion or diameter, the filter layer should be no thicker than
about 2 or 3 microns.

[0052] For purpose of this description, "micron-scale"
pores means a pore size of about 100 microns or less.
"Pore size" generally refers to the cross-sectional dimen-
sion of the pore, and not the depth of the pore through
the filter layer. For pores of circular cross-sectional
shape, pore size generally refers to the diameter of pore
and for pores that are not circular, such as elongated
pores, "pore size" generally refers to the smallest cross-
sectional dimension of the pores, unless otherwise stat-
ed.

[0053] Itis presently contemplated that the pore size
of a microporous filter membrane prepared by the meth-
od of the present invention with typically be about 20
microns or less. The particular pore size may depend on
the application to which the filter membrane is applied.
For example, pore size of less than or equal to about
0.22 microns is smaller than bacteria and can remove
bacteria fromfiltrate passing through the filter membrane.
Pore size less than or equal to about 0.6 - 0.65 microns
may be used in biomedical applications to remove cells
from human blood or in industrial applications, for exam-
ple, to filter wine. A pore size of about 0.45 microns or
less may be used to remove e-coli bacteria or may find
application in diagnostic applications. A pore size of 0.08
microns may provide ultrafiltrated water suitable for elec-
tronic fabrication processes. A pore size of about 2 mi-
crons would allow platelets and plasma of human blood
to pass through, but would block red cells and white cells.
[0054] The density of the pores in the filter layer, or the
"porosity" of the filter layer also may be selected accord-
ingly to the intended application. In accordance with the
present invention, the porosity of the filter layer may be
substantially higher than found in earlier examples of mi-
cromachined filters, and the porosity may be as high as
30 percent or greater, allowing greater flow rates or
"throughput" of filtrate through the filter membrane than
previously obtained with the same or less transmem-
brane pressure.

[0055] The support layer 26 of the filter membrane 20
of Figure 1 is best seen in Figure 2, in which the filter and
support layers are shown separated. The illustrated sup-
portlayer 26 includes spaced apart support struts or walls
30 that are parallel and extend in one direction, and sup-
port walls or struts 32 that are parallel and extend per-
pendicular to support walls 30, and intersecting support
walls 30 at junctions to define a support grid structure
underlying the filter layer. The walls or struts 30 and 32
are preferably spaced apart a distance substantially
greater than the cross-sectional dimension of the pores,
as canreadily be seenin Figures 1-8 and 12. This creates
a porous, coarser structure than found in the filter layer,
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allowing filtrate to readily pass through the support struc-
ture. The support struts or walls 30 and 32 are preferably
spaced apart between about 50 and 1,000 microns, for
a membrane having a filter layer in which the pores have
a cross-sectional dimension between about 1 and 20 mi-
crons. Although the support structure depicted in Figure
2 comprises a generally rectangular grid defined by the
intersecting support walls or struts 30 and 32, as will be
discussed in more detail later, the support structure may
have other configurations, and may have more than one
layer of differing porosity, spacing, or configuration.
[0056] Figures 3 and 4 show other aspects of the filter
membrane of Figure 1. Figure 3 is a top view, looking
down on the filter layer and showing the pore layout in
this version of the membrane. Figure 4 is a cross-sec-
tional view of the filter membrane 20. It is apparent from
Figure 4 that the support structure is substantially coars-
er, with much greater porosity, than the filter layer. As
noted above, this allows filtrate passing through the filter
layer to pass readily through the support structure without
any additional pressure loss or drag.

[0057] Turning now to Figure 5, an alternate support
structure 34 is shown that is similar to the support struc-
ture illustrated in Figure 2, except that the support walls
or struts 30 and 32 are curved (or have fillets) 36 at the
junctions where the walls or struts intersect. Although
micromachining techniques have advanced significantly
over the past decade, it remains very difficult to form sur-
faces at right angles as illustrated in Figure 2, and the
structure of Figure 5 should be easier to fashion with
micromachining processes. In addition, the use of curves
or fillets at intersecting walls or struts also should tend
to reduce stress and breakage in those areas when the
membrane is flexed.

[0058] Figure 6 shows yet a further alternative support
structure 38 in which the support walls or struts 30 and
32 are defined by circular openings 40 through the sup-
port layer, in contrast to the rectangular openings of the
Figures 2 and 5. This structure may be easier to fabricate
than those shown in Figures 2 and 5. As result of circular
openings, the support walls or struts have a generally
thinner waist area 42 and larger end areas 44 where in-
tersecting the other support struts or walls.

[0059] The microporous filter membrane illustrated in
Figures 1-6 has pores that are generally circular in cross-
sectional shape. As noted earlier, in accordance with the
present invention, the pores do not need to have the cir-
cular cross-sectional shape, and may have different
shapes depending on the desired use. Figures 8(a) and
8(b) are top and cross-sectional views, respectively, of
an alternative membrane in which the pores generally
elongated in cross-sectional shape. More specifically, as
shown in Figure 8(a), the pores may be rectangular or
oval in cross-sectional shape. This shape may provide
greater porosity than circular pores, and is also particu-
larly useful in the separation of red cells, platelets and
plasma of human blood from white cells.

[0060] This particular shape, however, is not new to
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the present invention. As disclosed in WO-A-9813131,
the filter membrane having oval shaped pores of approx-
imately 3 microns by 12 microns may be used to allow
the passage of red cells, platelets and plasma while
blocking passage of the larger white cells. Other shapes,
of course, could be used for filtering different particles,
including but not limited to cells, based on the particular
shape of the particle, as well as on the size of particle.
[0061] Asnotedabove, itis believed that the filter layer
that results from the method of the present invention, due
to the monolithic support structure may be made ex-
tremely thin, permitting the formation of very small pores,
as small as from about 0.08-0.10 microns pore size. For
this size pore, the filter layer may be as thin as about 0.3
microns or thereabouts. The support structure shown in
Figures 1-6 may be suitable for pores of about 1 micron
or larger. As the pore size and filter layer thickness be-
come increasingly smaller, other support structure con-
figurations may be required for support of the filter layer.
[0062] As pore size becomes much smaller, and the
filter layer limited in its thickness, a support layer may be
required that is particularly suitable for supporting ultra
thin filter layers. For example, the support layer may in-
clude two or more sublayers or subgrids of differing po-
rosity, spacing or configuration to better support a very
thin filter layer. For example, the support layer may in-
clude a subgrid of more closely spaced struts or walls
situated between the filter layer and the support grid of
the structure shown in Figure 2.

[0063] To provide improved support for the filter layer,
particularly for supporting ultra thin filter layers less than
about 0.3 microns, the support layer may include two or
more sublayers or subgrids 46 and 48 as shown in Figure
7. As shown there, the support layer has two sublayers
in the form of rectangular grids. The first subgrid or sub-
layer 46 is comparable in configuration to the support
structure shown in Figure 2 and described above. The
second sublayer or subgrid 48 is located between the
first sublayer 46 and the filter layer 22. The support walls
or struts 50 and 52 in the second subgrid are more closely
spaced than in the first subgrid to provide additional filter
layer support.

[0064] The porosity of the different sublayers or sub-
grids, as well as the configuration of the support structure,
the spacing between support walls or struts, and the rel-
ative thickness of support walls or struts may be varied
according to the application of the particular filter mem-
brane. For example, to provide additional support for the
filter layer, the second sublayer may have less porosity
than the first sublayer for greater contact with and support
of the filter layer. Another alternative is for the second
sublayer to comprise a grid having the same or more
closely spaced support walls or struts, but with the sup-
port walls or struts being thinner and more flexible than
in the first sublayer or subgrid, so that greater support is
provided, but with the first and second grids having the
same porosity. Although illustrated as a support layer
having two sublayers or subgrids in Figure 7, the config-
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uration of the support structure may be varied significant-
ly from that shown in Figure 7 without departing from the
present invention. For example, the support structure
may comprise a plurality of support struts that are all par-
allel, a support grid of different configuration, such as
triangular, diamond shaped, circular or other configura-
tion may be selected for ease of manufacture or for the
enhanced membrane flexibility or filter layer support, or
additional sublayers or subgrids could be provided.
[0065] The filter membrane prepared by the method
of the present invention may be used in a variety of ap-
plications. Figures 9 and 10 are provided to illustrate
schematically at least two different types of filter devices
or separators in which the membrane may be used.
These examples are provided simply by way of illustra-
tion, and not limitation. The separator or filter apparatus
in Figure 9 includes a housing 54 that may be made of
any suitable material, such as rigid plastic or metal. The
housing includes aninlet 56, afirst outlet 58 and a second
outlet 60. A filter membrane 62 prepared in accordance
with the present invention is disposed so that fluid being
filtered flows across the filter layer of the membrane 62.
[0066] Filtrate passing through the filter membrane is
removed through the first outlet 58 and the remaining
fluid is removed through the second outlet 60. The shear
forces of fluid moving across the surface of the mem-
brane should tend to sweep and clear the membrane of
clogging particles. The flow path across the membrane
may be relatively small in cross-sectional size to cause
an increase in flow velocity, enhancing any such sweep-
ing or cleaning action. To further enhance fluid transfer,
the transmembrane pressure between the inlet 56 and
first outlet 58 may be maintained by appropriate and well-
known pumps and pressure control systems to increase
the throughput or flow rate of filtrate passing through the
filter membrane. Of course, the filter housing may also
include a rigid porous support frame or grid to support
the membrane.

[0067] Another type of filter or separator in which the
membrane may be used is generically shown in Figure
10. Figure 10 illustrates a filter device or separator 64
having a housing 66 made of suitable material, with an
inlet 68 and outlet 70. A filter membrane 72 made in ac-
cord with the present invention is provided in the housing
in the flow path between the outlet and outlet. As a result
of this arrangement, and unlike the separator of Figure
9, all of the fluid passing through the filter housing must
pass through the filter membrane. A filter device or sep-
arator such as shown in Figure 10 may be used, for ex-
ample, to remove bacteria or certain cells from liquid, or
to remove particles greater than a certain size or of a
certain shape.

[0068] The membrane that results from the method of
the presentinvention is preferably flexible. The monolith-
ic combination of the filter membrane and the precision-
shaped porous support structure provides, as required,
both flexibility and robustness that permits the membrane
to be used in higher stress filter applications, such as
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shown in Figure 11.

[0069] Figure 11 is a perspective view of a spinning
membrane type filter device of the type employed in the
Autopheresis-C® plasmapheresis device marketed by
Baxter Healthcare Corporation. The structure and oper-
ation of this separator are set forth in detail in U.S. Patent
No. 5,194,145 and a detailed description will not be re-
peated here. Briefly, as depicted in Figure 11, the filter
device or separator 74 includes a housing 76 defining a
generally cylindrical inside surface 80. The housing in-
cludes afluid inlet 82, the first outlet 84 and second outlet
86. A rotor 88, with a generally cylindrical outer surface,
is rotatably mounted in the housing with the outer surface
of the rotor spaced from the interior surface of the housing
to define a small gap 92 therebetween. The filter mem-
brane 94 is mounted on the rotor, with the filter layer
facing the gap located between the rotor and housing.
The support layer of the filter membrane rests atop a
series of spaced-apart support ribs 9 on the surface of
the rotor. These raised support ribs support the mem-
brane and form channels to collect filtrate passing
through filter membrane.

[0070] The flexibility of the membrane allows it to be
wrapped around the rotor and to conform to the surface
of the generally cylindrically shaped rotor. With the mem-
brane construction described in detail above, the mem-
brane is relatively flexible, and believed to sufficiently
flexible to be flexed to radius of curvature of 1.27 cm
(one-half inch). Although the membrane is shown on the
surface of the rotor in Figure 11, alternatively, the mem-
brane could be mounted on the generally cylindrical in-
terior surface of the housing. In that event, the surface
of the housing may similarly include raised ribs to support
the filter membrane and to collect filtrate passing through
the membrane.

[0071] In either alternative of the separator shown in
Figure 11, the filter membrane is sufficiently robust to
withstand the large shear and transmembrane pressures
generated in a separator of this type, although the re-
quired transmembrane pressure may be significantly
lower with the membrane due to the reduced filter thick-
ness and the higher porosity.

[0072] Inthe separator shown in Figure 11, fluid such
as a biological suspension or blood is introduced through
inlet 82 and flows down through the gap 92 between the
outer surface of the rotor 88 and inner surface of the
housing 76. During the passage through the gap, the
high-speed rotation of rotor generates turbulence in the
form of Taylor vortices, which sweep the membrane free
of clotting cells or debris. Assisted by substantial trans-
membrane pressure generated by flow control pumps,
plasma from the blood passes through the filter mem-
brane and is collected in the channels defined between
the spaced apart raised ribs 90. The plasma flows down
through the channels into a collection manifold, and pass-
es through first outlet 84. The remaining portion of the
fluid or suspension is withdrawn from the housing through
the second outlet 86. The characteristics of high porosity,
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micron-scale precision shaped pores in the filter layer,
and filter membrane robustness hold significant promise
for improved performance of the Autopheresis-C® de-
vice as well as potential new uses for such a separator.
[0073] The membrane may be made from a variety of
materials and one or more different micromachining tech-
nigues may be used to form the precision shaped pores
or support structure of membrane. Figure 12 shows the
steps involved in one method for making a filter mem-
brane of the present invention in a batch-type process,
in which the filter membrane is made on a substrate such
as silicon wafer. First, as shown in Figure 12a, a sub-
strate, such as silicon wafer 96 with a layer of silicon
dioxide (SiO), is provided. This silicon dioxide layer will
later be sacrificed to remove the filter membrane created
on the wafer.

[0074] As depicted in Figure 12a, a film of photoim-
ageable polyimide polymer 98, which will eventually be-
come the support layer of the filter membrane, is spin
coated to a thickness of, for example, about 30 microns,
on top of the silicon wafer 96. The polyimide layer is pre-
baked or soft-baked to about 93°C (200°F) for approxi-
mately one minute to partially cure the polyimide layer
sufficiently to allow manipulation of it.

[0075] Referring to Figure 12b, the polyimide layer is
in exposed to deep ultraviolet light 100, through a quartz/
chrome mask 101 (which may be formed with well known
processes) to define the structure of the support layer. If
the polyimide material is positive-acting, the exposed ar-
eas are rendered permanent, through crosslinking, as
result of light exposure. The areas that not exposed may
be removed, as by solvent, at a later point in the process.
[0076] After the support layer is formed, but before the
material is removed to define the support structure, an-
other layer of polyimide material 102 is spin coated onto
the first layer of material, as shown in Figure 12C. This
layer, which will eventually form the filter layer, is rela-
tively thin. It may typically be 1-3 microns thick, although
itmay also be as thin as about 0.3 microns. The polyimide
material used for this layer is an etchable type of polyim-
ide, and not a photoimageable polyimide. After this sec-
ond layer of polyimide is formed, it is subjected to a soft
bake procedure, as described above, to partially cure the
newly added polyimide layer. A thin film of metal 104,
such as titanium, is then added to the surface of the thin
polyimide layer through a sputtering, evaporation or va-
por deposition process. A very thin layer of photoresist
material 106, such as one micron thickness, is then spin-
coated onto the metal layer, and a further softbake pro-
cedure carried out.

[0077] As shown in Figure 12d, the photoresist layer
isthen exposed to adeep ultraviolet lightthrough a quartz
mask to form a pattern in the photoresist corresponding
to the desired pores. Development of the photoresist re-
moves the photoresist material in those areas desired to
define a pore structure. The effect of this developing is
to expose the metal film in those areas where filter layer
material is to be removed to define the filter pores.
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[0078] Employing an etching procedure, such as reac-
tive ion etching or plasma etching, the exposed portions
of the metal layer and the polyimide material therebelow
in the thin polyimide layer are sequentially removed to
define the pores of the filter layer as depicted in Figure
12e. The residual photoresist and metal layer may then
be removed by solvent or chemical etching, resulting in
a two layer preform -- the filter layer with precision-
shaped micron-scale pores and the support layer, which
still does not have the material removed to define a sup-
port structure, as shown in Figure 12f.

[0079] Although the photoimageable layer 98 is sitting
on the silicon wafer, access to those areas that have not
been cross-linked is available through the pores of the
filter layer. By subjecting the preform to an appropriate
solvent, the selected material of the support layer may
be removed. The remaining polyimide layers are then
subjected to a final cure at a full bake temperature such
as 204°C (400°F) for a period of hours to fully cure the
polyimide material. Because the filter and support layers
were not previously fully cured and are of compatible
polyimide materials, during the curing process the layers
chemically bond or cross-link, and the previous line of
distinction between the layers disappears, and a mono-
lithic filter membrane is formed as best seen in Figure
12g. After the baking process, the filter membrane is re-
moved from the wafer by submerging the silicon wafer
in a hydrofluoric acid bath, which attacks the silicon di-
oxide layer and releases the completed filter membrane
(See Figure 12f).

[0080] Alternatively, the filter membrane layers could
be formed in reverse order, with filter layer first formed
on a silicon wafer or other substrate. This process is
shown in Figure 13. A thin layer of etchable polyimide
material 108 is spin coated onto the substrate, a silicon
wafer 110. This layer of polyimide material will eventually
form the filter layer of the filter membrane. After a soft
bake, as shown in Figure 13b, a thin film layer of metal
112, such as titanium, is then formed atop the polyimide
layer, and a layer of photoresist material 113 is spin coat-
ed onto the metal film. After a soft bake, the photoresist
is exposed to deep UV light 114 through a quartz/chrome
mask 116 (Figure 13c) to form a pattern corresponding
to the desired pore arrangement. The photoresist is then
developed to define the pore pattern, as shown in Figure
13d. Etching, such as by a reactive ion etching or plasma
etching, may be used to transfer the corresponding pat-
tern to the metal layer 112 and to the polyimide layer 108
therebelow (Figure 13e).

[0081] The photoresist and metal layers are then re-
moved from the filter layer, as by solvent, leaving the filter
layer atop the silicon wafer (Figure 13f). As illustrated in
Figure 13g, a thicker layer of photoimageable polyimide
material 118 is then spin coated onto the filter layer. This
layer will eventually form the support layer of the filter
membrane. After a soft bake, the thicker layer is exposed,
as shownin Figure 13h, to deep UV light through a quartz/
chrome mask 120 to define the precision-shaped support
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structure of the filter membrane in the thick polyimide
layer. Selected material, depending on whether the pho-
toimageable polyimide layer is positive or negative act-
ing, is then removed, as by solvent, leaving the support
structure atop the filter layer on the silicon wafer. The
films are then subjected to a hard 204°C (400°F) bake
to fully cure the films. As a result of a hard bake, the
compatible films of polyimide material join to form a mon-
olithic membrane, which may be lifted from the silicon
wafer by immersion in an acidic bath, leaving the finished
filter membrane as shown in Figure 13i.

[0082] The filter membrane may be made from a vari-
ety of different materials. As pointed out above, one ma-
terial particularly well suited for photoimaging or etching
processes is polyimide polymer. These types of polymers
are well known and, for example, are available from E.I.
Du Pont de Nemours and Company of Wilmington, Del-
aware. Riston® material is an example of photoimagea-
ble film material available from du Pont in rollstock form,
with a thickness of about 37 microns.

[0083] The use of laser ablation also opens the door
to the use of other materials other than polyimide poly-
mers. For example, polycarbonate, acrylic, nylon, poly-
tetrafluoroethylene, polyurethane, polyester, polypropyl-
ene, and polyvinyl chloride.

[0084] The following is another specific example of a
procedure carried out in making membranes based on
use of a silicon wafer, batch process.

1. A standard 15.24 cm (six inch) silicon wafer is
provided as the substrate.

2. One micron of thermal oxide is grown in the wafer
at 1000°C in a furnace for approximately 5 hours.
3. Polyimide (OLIN 114A) is spin-cast from a liquid
solution onto the oxidized wafer at 3000 r.p.m. to
create a film thickness of approximately 2.5 microns.
4. The resultant wafer with applied layers is hot plate
baked at 108°C for 90 seconds in order to firm up
the polyimide somewhat.

5. The resultant wafer with applied layers is baked
at 200°C for 1 hour in a Blue M oven; the polyimide
is thereby partially cured.

6. A Titanium/Tungsten alloy layer is then applied to
the layered structure by a technique such as sput-
tering, a well-known process in semiconductor and
microstructure fabrication where high energy bom-
barding cause the dislodging and ejection to the gas
phase of atoms from pure "targets;" the atoms sub-
sequently travel through the evacuated chamber
where they are collected on the surface of the sub-
strate being processed to form a solid layer.

7. Photoresist (Hoechst AZ 5214) is spin coated onto
the layered substrate at 3000 r.p.m. to a layer thick-
ness of approximately 0.5 microns.

8. The layered substrate is exposed to light (wave-
length of 436 nm) for 12 seconds via an QAI Contact
mask aligner/exposion system. Located between the
light source and the substrate is a quartz mask that
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contains a chrome pattern that exhibits the reverse
polarity pattern of the desired filter layer geometric
pattern. As such, the exposed light cross-links the
negative-tone photoresist only in those regions
where the light is available to the photoresist. The
pattern mask contains solid chrome in those areas
where holes would be desired on the filter membrane
layer and no chrome where solid material would be
desired, namely the areas between holes of the filter
layer. The quartz/chrome mask is similar to those
routinely used in lithographic processing in the sem-
iconductor and microfabrication industries.

9. The exposed photoresist layer is then developed
by 40 seconds of substrate immersion in a solution
that is 3:1 by mass of Hoechst AZ 351 development
solution to deionized water. The desired membrane
pattern is thereby established in the photoresist lay-
er.

10. The substrate and subsequently processed lay-
ers are then subjected to a de-ionized water rinse
for 5 minutes.

11. The substrate and attached layers are then hot
plate baked at 105°C for 5 minutes to drive off re-
maining water and further harden the remaining pho-
toresist material by driving off remaining solvent.
12. The pattern developed in the photoresist layer is
then faithfully transferred to the titanium/tungsten
layer, which is now exposed in those areas where
photoresist has’ been removed in the patterning
process. This pattern transfer is done via reactive
ion etching (RIE), a well-known process by which a
substrate is subjected to a plasma that dissociates
a relatively inert gas into reactive species that, as-
sisted by ionic bombardment, etch the desired ma-
terial. Here, a Plasmatherm 7200 Reactive lon Etch-
ing System was used at 400 Watts and 5.3 Pa (40
mTorr) vacuum with 90 sccm of CF4 and 10 sccm 02.
13. The patternthat had beentransferred to the metal
layer is now transferred to the polyimide layer, again
using RIE via the PlasmaTerm 7200 RIE system at
5.3 Pa (40 mTor) and 400. Watts with 80 sccm of 02
as the etching species. Since this oxygen etch basi-
cally removes all exposed organic compounds, the
remaining photoresist is also removed during this
step.

14. The remaining titanium/tungsten layer is now re-
moved by again utilizing the same RIE step outlined
in 12. At this point all that remains is the oxidized
wafer and the patterned polyimide that will form the
filter membrane layer of the bi-layer composite struc-
ture.

15. Negative-acting photoimagable polyimide (OCG
412) is then spincast onto the substrate at 2000 rpm
to a thickness of 25 microns.

16. A hotplate bake of 5 minutes at 110°C is per-
formed.

17. The photoimageable polyimide layer is then ex-
posed to light for 60 seconds through a reverse po-
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larity mask defining the support grid structure/pat-
tern.

18. Immersion develop 5 minutes followed by two 30
second rinses in deionized water.

19. The system is then fully cured in a Blue M oven
by ramping the temperature up to 400°C and holding
the temperature at 400 for 30 minutes, and ramping
the temperature back down to room temperature.
This process fully cures the polyimide from both
processing layers and joins the layers to form one
monolithic block that is still mounted to the oxidized
wafer.

20. The sample is then immersed in a 7:1 buffered
oxide etch of 7 parts NH40H (ammonium hydroxide)
to one part HF (hydrofluoric acid). The buffered HF
solution dissolves the oxide layer on the silicon wa-
fer, releasing the bi-layer membrane filter which
floats to the top of the solution.

21. The structure is rinsed in a deionized water bath
for several minutes, removed, and rinsed again in a
fresh deionized water bath.

22. The structure is allowed to air dry prior to mount-
ing or use.

The suppliers identified in the above process include (1)
OAI-Optical Associates Incorporated, 1425 McCandless
Drive, Milpitas, CA; (2)OCG Microlectronic Materials NV,
Keetberglaan 1A, Havennumer 1061 B-2070 Zwijndrecht
BE; (3) Olin Microelectronic Materials - 42 Kenwood
Drive, Woodcliff Lake, NJ; and (4) Hoechst Celenese
Corporation - Fibers and films Division - 70 Meister Av-
enue, Somerville, NJ

[0085] Although the present invention has been de-
scribed in terms of the preferred and alternative embod-
iments, this is for purposes of illustration and not for the
purpose of limiting the appended claims, which define
the scope of the present invention. The words of the
claims are intended to be interpreted in accordance with
their normal usage, unless specifically defined herein. It
is not intended that the words of the claims be limited to
those specific features or steps described above that are
not expressly called for by the words of the claims. For
example, itis not intended that claims requiring a support
grid be limited to a rectangular grid of intersecting walls
or struts as shown for example in Figures 2 and 5. It
would be apparent to any one of ordinary skill reading
this description that other configurations of grids or grid
support structures could be used without departing from
the present invention. For these reasons the present in-
vention is defined by the appended claims and not the
specific features of this disclosure.

Claims
1. A method for making a monolithic polymeric filter

membrane comprising at least a filter layer including
micron-scale, precision-shaped pores therethrough,
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said pores having a predetermined, non-random
shape and a cross-sectional dimension of about 100
microns or less and a support layer including a po-
rous support structure for said filter layer, the method
comprising:

forming the filter layer by removing selected ma-
terial from a first polymeric film to define a plu-
rality of micron-scale precision-shaped pores
therethrough;

forming the support structure layer by removing
selected material from a second polymeric film
to define a precision-shaped porous support
structure; and

joining the filter and the support layer together
in overlying relationship to form a monolithic filter
membrane with no discernible line of distinction
between the filter and the support layer.

The method of claim 1 in which at least one of said
filter layer and support layer is formed by:

providing a polymeric film that is of polyimide
material,

applying a metallic film to one surface of said
polyimide film,

applying a photoresist material to said metallic
film,

creating a first pattern on said photoresist layer
to define micron scale pores or support structure
and removing selected material from said pho-
toresist layer;

removing material from said metallic film in the
areas where said photoresist material has been
removed; and

removing selected material from the polyimide
filmin the areas where the metallic film has been
removed to define the pores or support struc-
ture;

removing any remaining photoresist material
and the metallic film from the polyimide film.

The method of claim 1 in which at least one of said
filter layer and said support layer comprises a pho-
toimageable polymeric film and the at least one layer
is formed by exposing the film to light through a mask
defining a pattern and removing selected portions of
said polymeric film defined by pattern to form the
pores or support layer.

The method of claim 2 in which said polymeric film
is a negative-acting photoimagable film and said re-
moving is carried out by removing the non-exposed
portions of said film.

The method of claim 2 in which said film is a positive-
acting photoimagable film and said removing is car-
ried out by removing the exposed portions of said
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film.

The method of claim 2 in which the removing of se-
lected material from the polyimide film is carried out
by dry etching.

The method of claim 1 in which at least one of the
steps of removing material includes ablating the film
by laser or treating the film with ionizing radiation.

The method of claim 7 employing an excimer laser
to ablate said film.

The method of claim 1 in which the support layer is
thicker than the filter layer.

The method of claim 9 wherein the support layer is
thicker than the filter layer by a factor of between
about 2 and 250.

The method of claim 3 wherein a continuous web of
the photoimageable polymeric film is continuously
supplied and the pattern is progressively created on
said film and selected material is progressively re-
moved to define the pores or support structure.

The method of claim 1 in which a continuous web of
laser ablatable polymeric film is continuously sup-
plied and selected material is progressively removed
to define the pores or support structure.

The method of claim 3 in which said photoimageable
polymeric film comprises a polyimide.

The method of claim 1 in which the support structure
comprises a first plurality of spaced apart support
strutsin which said struts are spaced apartadistance
substantially greater than the size of said micron-
scale pores.

The method of claim 14 in which said support struc-
ture comprises a second plurality of spaced apart
struts intersecting said first plurality of struts to define
a support grid.

The method of claim 14 in which said struts are
spaced apart a distance in the range of about 50 to
1000 microns.

The method of claim 14 in which the struts are be-
tween about 10 and 100 microns in width.

The method of claim 1 in which the support structure
comprises a grid.

The method of claim 1 in which the support structure
comprises at least two sublayers, a first sublayer of
a selected porosity and a second sublayer of differ-
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ent porosity than the first sublayer and disposed be-
tween the first sublayer and the filter layer.

The method of claim 18 in which the support grid
comprises at least two subgrids, a first subgrid com-
prising struts of selected width and spaced apart a
selected distance and a second subgrid disposed
between the first subgrid and the filter layer, the sec-
ond subgrid including support struts of different width
or spacing than the struts in the first subgrid.

The method of claim 18 in which the grid comprises
a plurality of intersecting walls, said walls being
curved at least at the intersections.

The method of claim 21 in which the grid comprises
a plurality of intersecting walls defined by spaced
apart, generally cylindrically or elliptically shaped
pores.

The method of claim 1 in which the support structure
layer is formed by removing material from two non-
fully cured polymeric films, one film having material
removed to define a support structure of selected
porosity, and another film having material removed
to define a support structure of greater porosity that
the one film, said filter layers film and support films
being bonded together to form an integral filter mem-
brane.

The method of claim 1 in which the filter membrane
is flexible.

The method of claim 24 in which the filter membrane
is sufficiently flexible to be disposed along a radius
of curvature of 1.3 cm (Y2 inch).

A method for making a monolithic polymeric filter
membrane according to claim 1 of a predetermined
thickness, the method comprising:

providing a substrate;

spinning a first polyimide layer onto the sub-
strate;

applying a metal layer to the first polyimide layer;
applying photoresist to the metal layer;
developing the photoresist to define a first pat-
tern of one of the micron-scale pores or support
structure;

transferring the first pattern from said photore-
sist to said metal layer;

transferring the first pattern from the metal layer
to said first polyimide layer so as to create one
of said micron-scale pores or said support struc-
ture;

sequentially removing the photoresist and the
metal layer;

spinning a second polyimide layer onto the first
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layer polyimide so as to create an interface ther-
ebetween;

creating a second pattern on the second poly-
imide layer to define the other of the micron-
scale pores or the support structure;

removing selected material from the second
polyimide layer to define the other of the micron-
scale pores or support structure;

curing the first and second polyimide layers so
as to remove the interface therebetween and
create a monolithic filter layer-support structure;
and

removing the integral filter layer-support struc-
ture from said substrate.

A method for making a monolithic polymeric filter
membrane according to claim 1 of a predetermined
thickness, the method comprising:

providing a silicon wafer substrate;

spinning a first polyimide layer onto the silicon
wafer;

exposing the first polyimide layer to light through
a mask defining a first pattern of one of the mi-
cron-scale pores or support structure;

spinning a second polyimide layer onto the first
layer polyimide so as to create an interface ther-
ebetween;

exposing the second polyimide layer to light
through a mask defining a second pattern of the
other of the micron-scale pores or the support
structure;

removing selected material from the first and
second polyimide layers to define the micron-
scale pores and support structure;

curing the first and second polyimide layers so
as to remove the interface therebetween and
create a monolithic filter layer-support structure;
and

removing the monolithic filter layer-support
structure from said silicon wafer substrate.

The method of claim 27 in the removing of selected
material from the first polyimide later is carried out
before the second layer is spun onto the first layer.

The method of claim 1 in which the first and second
films are not fully cured at.the time of the removal
step, and the joining step includes curing the first
and second films.

The method of claim 26 in which the substrate com-
prises a silicon wafer.

Patentanspriiche

1.

Verfahren zur Herstellung einer monolithischen Po-
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lyrnemltermembran, umfassend mindestens eine
Filterschicht, einschlieRend prazisionsgeformte Po-
ren im Mikrometer-MaRstab, wobei die Poren eine
vorbestimmte, nicht statistische Form und eine
Querschnittsdimension von etwa 100 Mikrometer
oder weniger aufweisen, und eine Tragerschicht,
einschliel3end eine pordse Tragerstruktur fur die Fil-
terschicht, wobei das Verfahren umfal3t:

das Bilden der Filterschicht durch Entfernen von
ausgewahltem Material von einem ersten Poly-
merfilm, um eine Vielzahl von prézisionsgeform-
ten Poren im Mikrometer-MafR3stab dadurch zu
definieren,

das Bilden der Tragerstrukturschicht durch Ent-
fernen von ausgewéahltem Material von einem
zweiten Polymerfilm, um eine prazisiansge-
formte portse Tragerstruktur zu definieren, und
das Verbinden der Filter- und der Tragerschicht
zusammen in einer Ubereinanderliegenden Be-
ziehung, um eine monolithische Filtermembran
mit keiner erkennbaren Unterschiedslinie zwi-
schen der Filter- und der Tréagerschicht zu bil-
den.

Verfahren gemaf Anspruch 1, worin mindestens ei-
ne der Filterschicht und der Tragerschicht gebildet
ist durch:

das Bereitstellen eines Polymerfilms, der aus
Polyimidmaterial ist,

das Aufbringen eines Metallfilms auf eine Ober-
flache des Polyimidfilms,

das Aufbringen eines Phctoresistmaterials auf
den Metallfilm,

das Bewirken eines ersten Musters auf der Pha-
toresistschicht, um Poren im MikromaRstab
oder eine Tragerstruktur zu definieren, und das
Entfernen von ausgewahltem Material von der
Photoresistschicht,

das Entfernen von Material von dem Metallfilm
in den Bereichen, in denen das Photaresistrrtat-
erial entfernt worden ist, und

das Entfernen von ausgewahltem Material von
dem Polyimidfilm in den Bereichen, indenen der
Metallfilm entferntworden ist, um die Poren oder
Tréagerstruktur zu definieren,

das Entfernen von jeglichem ubrigen Phatore-
sistmaterial und des Metallfilms von dem Poly-
imidfilm.

Verfahren gemaf Anspruch 1, worin mindestens ei-
ne der Filterschichtund der Tragerschicht einen pho-
toabbildbaren Polymerfilm umfaf3t, und die minde-
stens eine Schicht durch Aussetzen des Films an
Licht Giber eine Maske, die ein Muster definiert, und
Entfernen ausgewahliter Bereiche des Polymerfilms,
definiert durch das Muster, unter Bilden der Poren
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oder Tragerschicht gebildet wird.

Verfahren geman Anspruch 2, worin der Polymerfilm
ein negativ wirkender phataabbildiaarer Filmiist, und
das Entfernen durch Entfernen der nichtausgesetz-
ten Bereiche des Films durchgefiihrt wird.

Verfahren gemar Anspruch 2, worin der Film ein po-
sitiv wirkender Photoabbildbarer Film ist, und das
Entfernen durch Entfernen der ausgesetzten Berei-
che des Films durchgefihrt wird.

Verfahren gemaf Anspruch 2, worin das Entfernen
des ausgewahlten Materials von dem Polyimidfilm
durch Trockenatzen durchgefihrt wird.

Verfahren geméaR Anspruch 1, worin mindestens ei-
ner der Schritte des Entfernens des Materials das
Abtragen des Films durch Laser oder Behandeln des
Films mit ionisierender Bestrahlung einschlief3t.

Verfahren gemaf Anspruch 7, welches einen Exci-
merlaser anwendet, um den Film abzutragen.

Verfahren gemall Anspruch 1, worin die Trager-
schicht dicker als die FilterSchicht ist.

Verfahren gemaR Anspruch 9, wobei die Trager-
schicht um einen Faktor von zwischen 2 und 250
dicker als die Filterschicht ist.

Verfahren gemafd Anspruch 3, worin eine kontinu-
ierliche Bahn des photoabbildbaren Polymerfilms
kontinuierlich zugefihrt wird und das Muster pro-
gressiv auf dem Film bewirkt wird und ausgewahites
Material progressiv entfernt wird, um die Poren oder
Tréagerstruktur zu definieren.

Verfahren gemafll Anspruch 1, worin eine kontinu-
ierliche Bahn eines Laserabtragbaren Polymerfilms
kontinuierlich zugefihrt wird und ausgewéahltes Ma-
terial progressiv entfernt wird, um die Poren oder
Tragerstruktur zu definieren.

Verfahren gemafR Anspruch 3, worin der photoab-
bildbare Polymerfilm ein Polyimid umfaf3t.

Verfahren gemaR Anspruch 1, worin die Trager-
struktur eine erste Vielzahl von zueinander beab-
standet angeordneten Tragerverstrebungen bzw.
Tragerstreben umfafit, wobei die Verstrebungen in
einer Entfernung beabstandet sind, die im wesentli-
chen groRer als die GréRRe der Poren im Mikrome-
termaf3stab ist.

Verfahren gemafl Anspruch 14, worin die Trager-
struktur eine zweite Vielzahl von zueinander beab-
standeten Verstrebungen umfaf3t, welche die erste
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Vielzahl von Verstrebungen schneidet bzw. kreuzt,
um ein Tragergitter zu definieren.

Verfahren gemaR Anspruch 14, worin die Verstre-
bungen in einer Entfernung in dem Bereich von etwa
50 bis 1.000 Mikrometer voneinander beabstandet
sind.

Verfahren geméaR Anspruch 14, worin die Verstre-
bungen zwischen etwa 10 und 100 Mikrometer in
der Breite sind.

Verfahren gemaR Anspruch 1, worin die Trager-
struktur ein Gitter umfalflt,

Verfahren gemafld Anspruch 1, worin die Trager-
struktur mindestens zwei Subschichten urnfafit, eine
erste Subschicht einer ausgewahlten Porositat und
eine zweite Subschicht mit einer von der ersten Sub-
schicht unterschiedlichen Porositat und angeordnet
zwischen der ersten Subschicht und der Filter-
schicht.

Verfahren gemafR Anspruch 18, worin das Trager-
gitter mindestens zwei Subgitter umfaf3t, ein erstes
Subgitter, welches Verstrebungen von ausgewahl-
ter Breite und in einer ausgewahlten Entfernung von-
einander beabstandet umfaf3t, und ein zweites Sub-
gitter, welches zwischen dem ersten Subgitter und
der Filterschicht angeordnet ist, wobei die zweite
Subschicht Tragerverstrebungen von verschiedener
Breite oder Abstand als die Verstrebungen in dem
ersten Subgitter einschlief3t.

Verfahren geman Anspruch 18, worin das Gitter eine
Vielzahl von sich schneidenden Wanden umfalit,
wobei die Wande mindestens an den Schnittstellen
gekrimmt bzw. gebogen sind.

Verfahren gemanR Anspruch 21, worin das Gitter eine
Vielzahlvon sich schneidenden Wanden umfalit, de-
finiert durch voneinander beabstandete, im allge-
meinen zylindrisch oder elliptisch geformte Poren.

Verfahren gemafl Anspruch 1, worin die Trager-
strukturschicht durch Entfernen von Material von
zwei nicht vollstandig geharteten Polymerfilmen ge-
bildet wird, wobei ein Film Material entfernt aufweist,
um eine Tragerstruktur ausgewahlter Porositét zu
definieren, und ein anderer Film Material entfernt
aufweist, um eine Tragerstruktur von gréRerer Po-
rositét als dem einen Film zu bilden, wobei der Filt-
erschichtenfilm und die Tragerfilme miteinander ver-
bunden sind, um eine integrale Filtermembran zu
bilden.

Verfahren geman Anspruch 1, worin die Filtermem-
bran flexibel ist.
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Verfahren geman Anspruch 24, worin die Filtermem-
bran ausreichend flexibel ist, um entlang einem
Kriimmungsradius von 1,3 cm (1/2 inch) angeordnet
zu werden.

Verfahren zur Herstellung einer monolithischen Po-
lymerfiltermembran geméaR Anspruch 1 von einer
vorbestimmten Dicke, wobei das Verfahren umfaft:

das Bereitstellen eines Substrats,

das Schleudern einer ersten Polyimidschicht auf
das Substrat,

das Aufbringen einer Metallschicht auf die erste
Polyimidschicht,

das Aufbringen von Photoresist auf die Metall-
schicht,

das Entwickeln des Photoresists, um ein erstes
Muster von einem der Poren im Mikromaf3stab
oder der Tragerstruktur zu definieren,

das Ubertragen des ersten Musters von dem
Photoresist auf die Metallschicht,

das Ubertragen des ersten Musters von der Me-
tallschicht auf die erste Polyimidschicht, um der-
art eines von den Poren im Mikromaf3stab oder
der Tragerstruktur zu bewirken,

nacheinander das Entfernen des Photoresists
und der Metallschicht,

das Schleudern einer zweiten Polyimidschicht
auf die erste Polyimidschicht, um so eine Grenz-
flache dazwischen zu bewirken,

das Bewirken eines zweiten Musters auf der
zweiten Polyimidschicht, um das andere von
den Poren im MikromaRstab oder der Trager-
struktur zu definieren, das Entfernen von aus-
gewahltem Material von der zweiten Polyimid-
schicht, um das andere von den Poren vom Mi-
kromaRstab oder der Tragerstruktur zu definie-
ren,

das Harten der ersten und zweiten Polyimid-
schicht, um so die Grenzflache dazwischen zu
entfernen und eine monolithische Filterschicht-
Tragerstruktur zu bewirken, und

das Entfernen der integralen Filterschicht-Tra-
gerstruktur von dem Substrat.

Verfahren zur Herstellung einer monolithischen Po-
lymerfiltermembran gemafR Anspruch 1 von einer
vorbestimmten Dicke, wobei das Verfahren umfafit:

das Bereitstellen eines Siliziumwafersubstrats,
das Schleudern einer ersten Polyimidschicht auf
den Siliziumwafer,

das Aussetzer der ersten Polyimidschicht Licht
Uber eine Maske, wodurch ein erstes Muster von
einem der Poren im Mikromaf3stab oder der Tra-
gerstruktur definiert wird,

das Schleudern einer zweiten Polyimidschicht
auf die erste Polyimidschicht, um so eine Grenz-
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flache dazwischen zu bewirken,

das Aussetzen der zweiten Polyimidschicht
Licht Uber eine Maske, wodurch ein zweites Mu-
ster des anderen von den Poren im
Mikromaf3stab oder der Tragerstruktur definiert
wird,

das Entfernen von ausgewahltem Material von
der ersten und zweiten Polyimidschicht, um die
Poren im MikromaRstab und die Tragerstruktur
zu definieren,

das Harten der ersten und zweiten Polyimid-
schicht, um so die Grenzflache dazwischen zu
entfernen und eine monolithische Filterschicht-
Tragerstruktur zu bewirken, und

das Entfernen der monolithischen Filterschicht-
Tragerstruktur von dem Siliziumwafersubstrat.

28. Verfahren gemaf Anspruch 27, worin das Entfernen
des ausgewahlten Materials von der ersten Poly-
imidschicht spater durchgefuhrt wird, bevor die zwei-
te Schicht auf die erste Schicht geschleudert wird.

29. Verfahren gemaf Anspruch 1, wobei der erste und
der zweite Film zum Zeitpunkt des Entfernungs-
schritts nicht vollstandig gehartet sind, und der Ver-
bindungsschritt das Harten des ersten und zweiten
Films einschlief3t.

30. Verfahren gemal Anspruch 26, worin das Substrat
einen Siliziumwafer umfaft.

Revendications

1. Procédé de fabrication d'une membrane de filtre po-
lymére monolithique comprenant au moins une cou-
che de filtre comprenant des pores fagonnés avec
précision a I'échelle du micron a travers celle-ci, les-
dits pores ayant une forme non aléatoire prédéter-
minée et une dimension transversale d’environ 100
microns ou moins et une couche de support com-
prenant une structure de support poreuse pour ladite
couche de filtre, le procédé comprenant les étapes
consistant & :

former la couche de filtre en retirant un matériau
sélectionne d’un premier film polymeére pour dé-
finir une pluralité de pores faconnés avec préci-
sion a I'échelle du micron a travers celui-ci ;
former la couche de structure de support en re-
tirant un matériau sélectionné d'un deuxieme
film polymere pour définir une structure de sup-
port poreuse fagonnée avec précision ; et
joindre le filtre etla couche de supportensemble
dans une relation de superposition pour former
une membrane de filtre monolithique sans ligne
de distinction perceptible entre le filtre et la cou-
che de support.
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Procédé selon la revendication 1, dans lequel au
moins une desdites couche de filtre et couche de
support est formée par les étapes consistant a :

fournir un film polymere qui est de matériau
polyimide ;

appliquer un film métallique sur une surface du-
dit film polyimide ;

appliquer un matériau de résine photosensible
sur ledit film métallique ;

créer un premier motif sur ladite couche de ré-
sine photosensible pour définir des pores a
I'échelle du micron ou la structure de support et
retirer un matériau sélectionné de ladite couche
de résine photosensible ;

retirer un matériau dudit film métallique dans les
zones ou ledit matériau de résine photosensible
a été retiré ; et

retirer un matériau sélectionné du film polyimide
dans les zones ou le film métallique a été retiré
pour définir les pores ou la structure de support ;
retirer un quelconque matériau de résine pho-
tosensible restant et le film métallique du film
polyimide.

Procédé selon la revendication 1, dans lequel au
moins une de ladite couche de filtre et de ladite cou-
che de support comprend un film polymére photo-
sensible et ladite au moins une couche est formée
en exposant le film & la lumiére a travers un masque
définissant un motif et en retirant des parties sélec-
tionnées dudit film polymere défini par le motif pour
former les pores ou la couche de support.

Procédé selon la revendication 2, dans lequel ledit
film polymeére est un film photosensible & action né-
gative et ledit retrait est réalisé en retirant les parties
non exposées dudit film.

Procédé selon la revendication 2, dans lequel ledit
film est un film photosensible a action positive et ledit
retrait est réalisé en retirant les parties exposées du-
dit film.

Procédé selon la revendication 2, dans lequel le re-
trait du matériau sélectionné du film polyimide est
réalisé par gravure seche.

Procédé selon la revendication 1, dans lequel au
moins une des étapes consistant aretirer le matériau
comprend une étape consistant a ablater le film par
laser ou a traiter le film avec un rayonnement ioni-
sant.

Procédé selon la revendication 7, utilisant un laser
a excimere pour ablater ledit film.

Procédé selon larevendication 1, dans lequel la cou-
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che de support est plus épaisse que la couche de
filtre.

Procédé selon larevendication 9, dans lequel la cou-
che de support est plus épaisse que la couche de
filtre d’'un facteur compris entre environ 2 et 250.

Procédé selon la revendication 3, dans lequel une
bande continue du film polymére photosensible est
fournie en continu et le motif est créé de fagon pro-
gressive sur ledit film et un matériau sélectionné est
retiré de fagon progressive pour définir les pores ou
la structure de support.

Procédé selon la revendication 1, dans lequel une
bande continue de film polymeére pouvant étre ablaté
par laser estfournie de fagon continue et un matériau
sélectionné est retiré de fagon progressive pour dé-
finir les pores ou la structure de support.

Procédé selon la revendication 3, dans lequel ledit
film polymeére photosensible comprend un polyimi-
de.

Procédé selon la revendication 1, dans lequel la
structure de support comprend une premiere plura-
lité de consoles de support espacées dans lequel
lesdites consoles sont espacées d’'une distance sen-
siblement supérieure a la taille desdits pores a
I'échelle du micron.

Procédé selon larevendication 14 dans lequel ladite
structure de support comprend une deuxiéme plu-
ralité de consoles espacées coupant ladite premiére
pluralité de consoles pour définir une grille de sup-
port.

Procédé selon la revendication 14 dans lequel les-
dites consoles sont espacées d’'une distance dans
la plage d’environ 50 a 1 000 microns.

Procédé selon la revendication 14 dans lequel les
consoles présentent une largeur entre environ 10 et
100 microns.

Procédé selon la revendication 1, dans lequel la
structure de support comprend une grille.

Procédé selon la revendication 1, dans lequel la
structure de support comprend au moins deux sous-
couches, une premiére sous-couche d'une porosité
sélectionnée et une deuxieme sous-couche de po-
rosité différente de la premiére sous-couche et dis-
posée entre la premiére sous-couche et la couche
de filtre.

Procédé selon la revendication 18, dans lequel la
grille de support comprend au moins deux sous-
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22.

23.

24.

25.

26.

34

grilles, une premiére sous-grille comprenant des
consoles de largeur sélectionnée et espacées d'une
distance sélectionnée et une deuxiéme sous-grille
disposée entre la premiére sous-grille et la couche
de filtre, la deuxiéme sous-grille comprenant des
consoles de support de largeur ou espacement dif-
férents des consoles dans la premiére sous-grille,

Procédé selon la revendication 18, dans lequel la
grille comprend une pluralité de parois en intersec-
tion, lesdites parois étant courbes au moins au ni-
veau des intersections.

Procédé selon la revendication 21 dans lequel la
grille comprend une pluralité de parois en intersec-
tion définies par des pores espacés de forme globa-
lement cylindrique ou elliptique.

Procédé selon larevendication 1, dans lequel la cou-
che de structure de support est formée en retirant
un matériau de deux films polymeres qui ne sont pas
entierement durcis, un film ayant un matériau retiré
pour définir une structure de support de porosité sé-
lectionnée, et un autre film ayant un matériau retiré
pour définir une structure de support de porosité su-
périeure au premier film, lesdits film de couches de
filtre et films de support étant soudés ensemble pour
former une membrane de filtre d’un seul tenant.

Procédé selon la revendication 1, dans lequel la
membrane de filtre est flexible.

Procédé selon la revendication 24, dans lequel la
membrane de filtre est suffisamment flexible pour
étre disposée le long d’'un rayon de courbure de 1,
3 cm (Y2 pouce).

Procédé de fabrication d'une membrane de filtre po-
lymére monolithique selon la revendication 1 d'une
épaisseur prédéterminée, le procédé comprenant
les étapes consistant a :

fournir un substrat ;

mettre en rotation une premiere couche de po-
lyimide sur le substrat ;

appliquer une couche métallique sur la premiéere
couche de polyimide ;

appliquer une résine photosensible sur la cou-
che métallique ;

développer la résine photosensible pour définir
un premier motif d’'un des pores a I'échelle du
micron ou la structure de support ;

transférer le premier motif depuis ladite résine
photosensible vers ladite couche métallique ;
transférer le premier motif depuis la couche mé-
tallique vers ladite premiére couche de polyimi-
de de maniere a créer un desdits pores a I'échel-
le du micron ou de ladite structure de support ;
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retirer de facon séquentielle la résine photosen-
sible et la couche métallique ;

mettre en rotation une deuxiéme couche de po-
lyimide sur la premiére couche de polyimide de
maniére a créer une interface entre elles ;
créer un deuxieme motif sur la deuxiéme couche
de polyimide pour définir I'autre des pores a
I'échelle du micron ou de la structure de
support ;

retirer un matériau sélectionné de la deuxiéme
couche de polyimide pour définir I'autre des po-
res a I'échelle du micron ou de la structure de
support ;

durcir les premiére et deuxiéme couches de po-
lyimide de maniére aretirer I'interface entre elles
et créer une structure de support de couche de
filtre monolithique ; et

retirer la structure de support de couche de filtre
d’un seul tenant dudit substrat.

27. Procédé de fabrication d’'une membrane de filtre po-
lymére monolithique selon la revendication 1 d'une
épaisseur prédéterminée, le procédé comprenant
les étapes consistant a :

fournir un substrat de plaquette de silicium ;
mettre en rotation une premiere couche de po-
lyimide sur la plaquette de silicium ;

exposer la premiere couche de polyimide a la
lumiéere a travers un masque définissant un pre-
mier motif d'un des pores a I'échelle du micron
ou de la structure de support ;

mettre en rotation une deuxiéme couche de po-
lyimide sur la premiére couche de polyimide de
maniére a créer une interface entre elles ;
exposer la deuxieme couche de polyimide a la
lumiére a travers un masque définissant un
deuxiéme motif de l'autre des pores a I'échelle
du micron ou de la structure de support ;
retirer un matériau sélectionné des premiére et
deuxiéme couches de polyimide pour définir les
pores a I'échelle du micron et la structure de
support ;

durcir les premiére et deuxieme couches de po-
lyimide de maniére aretirer I'interface entre elles
et créer une structure de support de couche de
filtre monolithique ; et

retirer la structure de support de couche de filtre
monolithique dudit substrat de plaquette de si-
licium.

28. Procédé selon la revendication 27, dans lequel le
retrait de matériau sélectionné de la premiére cou-
che de polyimide est réalisé avant que la deuxiéme
couche ne soit mise en rotation sur la premiére cou-
che.

29. Procédé selon la revendication 1, dans lequel les
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premier et deuxieme films ne sont pas entierement
durcis au moment de I'état de retrait, et I'étape de
jonction comprend le durcissement des premier et
deuxiéme films.

30. Procédé selon la revendication 26 dans lequel le
substrat comprend une plaquette de silicium.
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